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DISCLAIMER
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This document was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor the University of California nor any of their
employees, makes any warranty, express or implied, or assumes any
legal liability or responsibility for the accuracy, completeness, or
usefulness of any information, apparatus, product, or process
disclosed, or represents that its use would not infringe privately
owned rights. Reference herein to any specific commercial products,
process, or service by trade name, trademark, manufacturer, or
otherwise, does not necessarily constitute or imply its endorsement
recommendation, or favoring of the United States Government or the
University of California. The views and opinions of authors
expressed herein do not necessarily state or reflect those of the
United States Government or the University of California, and shall
not be used for advertising or product endorsement purposes.
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IN THIS TALK,

1) AREASTHAT EFFECTNUMERICALALGORITHMS

2) HOW THESEAREAS EFFECTNU!’IERICALALGORITHMS

3) SHOW EXAMPLESOF HOW COMPUTERSHAVE INFLUENCED

NUMERICALALGORITHMSBOTH IN THE PASTAND THE

PRESENT

4) DISCUSSSOME OF THE llIFFICULTIES DEVELOPING

NUMERICAL ALGORITHMS



AREASTt!ATEFFECTNUP!ERICALALGORITHMS
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FOCUSON ALGORITHMSFOR MATRIXCALCULATIONS

SPECIFICALLY:

1) MATRIX-VECTORMULTIPLICATIONALGORITHM

2) BANDEDMATRIXINVERSIONALGORITHM



JIATRIXALGORITHJ’!SARE IMPORTANTFOR PERFORMINGTRANSPORTCALCULATIONS:
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IN DIFFUSIOiiCALCULATIONS,
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SPECIFICALLY,
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AS AN EXAMPLE,LET US FIRSTGO BACK TO THE “SCALARERA”TO

INNERPRODUCT

VECTORADDITION

EL, ROW OPS,

ALGo

\

~ MATRIX
MATR1X

ROW

COLUMN

FASTARITHMETIC

OPERATIONS

SCALARCOMPUTER
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EXAMPLE: MATRIX-VECTORf!ULTIPLICATION
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PIATRIX-VECTORMl!LTIPLICATIONALGORITHMS

o INNERPRODUCTFORM
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WITHOUTGOING INTOTOO MUCH DETAIL,
THESEFORMSOF NATRIXMULTIPLICATIONLED TO DEVELOPMENTOF

MANY NEW ALGORITHMS,

1) CONJUGATEGRADIENTMETHODS

2) HOUSEHOLDERMETHODS

3) QR AND (JZMETHODS

4) POWERAND DEFLATIONMETHODS

5) VARIABLEMETRICMETHODS



ELEMENTARYROW OPERATION
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o LED TO DEVELOPMENTOF

1) VARI/O!TSOF GAUSSELIMINATIONALGORITHM

2) FACTORIZATIONALGORITHMS

3) GIVENSALGORITHM



BANDEDMATRICES
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FOR SCALARMIICHINES,ALGORITHMSDEVELOPEDUSING ROW AND COLUMN

OPERATIONSWENT FASTERFOR BANDEDSYSTEMS



THECL4SSIC4LALGORIllf(lISCi4USSIANELIFIIN4TION
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FAST/SLOWPIEMORYMACHINES

BLOCKMATRIXOPS, MATRIXROW

OTHERSCALAR / MATRIXCOL,

MACH, OPS, SUBPIATRIX

FAST SCALAROPERATIONS

FAST/SLOWMEMORY ~

CDC-6600



A COMMONEXAMPLEOF A BLOCK-STRUCTUREDMATRIX
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EFFICIENTALGORITHMSWERE THOSETHAT COULDMANIPULATE

THE BLOCKS(?FTHE MI!TRIXEFFECTIVELY
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AI, BI, CI ARE MATRICES

o LED TO DEVELOPMENTOF

1) BLOCK ITERATIVEP!ETHODS

2) FAST POISSON/BIHARPIONICSOLVERS

3) COMPANIONMATRIXALGORITIIMS
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CONSTRAINTSOF THE STAR

1) SLOW SCALARARITHMETICOPERATIONS

2) SLOWVECTOR INSTRUCTIONSWHEN VECTORS

ARE SHORT

#
..



NEW PAWNS IN THE GAME: VECTORARITHMETICINSTRUCTIONS

1) SCALAR X VECTOR

2) VECTORADDITION

3)
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MATRIX-VECTORMULTIPLICATION
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WHAT HAPPENSON A BANDEDPIATRIX?
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WHY COULDN’,TTHE SUBMATRIXDATA-STRUCTUREBEUSED?
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TAKE ANOTHERLOOK
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IN VECTORNOTATION
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- GENERALIZATIONTO MORE COMPLICATEDSYSTEMSIS EASY



GENERALCOP’lMENTS

o
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DIAGONALALGORITHMIS

30-40 TIMESFASTERON STAR-1OO

5-8 TIMESFASTERON CRAY-1

THAN CLASSICAL ROW AND COLUMNALGORITHM

NO MATHEMATICALOR GEOMETRICAL THEORYOF MATRIX-VECTOR

ALGORITHMUSINGDIAGONALSIN A VECTORSTRUCTUREHAS EVER

BEEN CARRIEDOUT,

WE NEED THIS IF MORE EFFICIENTALGORITHMSFOR VECTOROR

MULTI-PROCESSINGP!ACHINESARE TO BE INVENTED,



AN EXAMPLEOF HOW RESULTSUSINGDIAGONALVECTORSCAN LEADTO

NEW ALGORITHMS
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RESULT1: IF DIAGONALSiilAND ij ARE NON-ZERO,THEN—
DIAGONALCI+J IS NON-ZERO
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RESULT2:

EXANPLE
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PRODUCTSAND ADDITIONS



]/E USE THESE Two RESULTS To GENERATE AN ALGORITHM To SOLVE

A TRIDIAGONALSYSTEMOF EQUATIONS

PROBLEMSTATEMENT: Tx = B
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STEP 1

CONSTRUCTTRIDIAGONALPIATRIX(J1SO THAT: Q1 T =

\\

—

AND~. = 1



PROCEDURE

ANALYSIS: FROM RESULTS
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WHAT HAS HAPPENED
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VECTORPROCESS
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STEP 2: CONSTRUCTMATRIXQ2 SO THAT
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STEP-BY-STEPPROCESS
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OTHERVECTORALGORITHMSCAN BE GENERATEDWITH THIS PROCEDURE

o RECURSIVE- DOUBLING

o ODD-EVENREDUCTION

o PARALLEL- GAUSSELIMINATION

o CYCLICREDUCTION**



AFTER LOG2N = M STEPS:
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CYCLICREDUCTION VS, RECURSIVEDOUBLING

STEPS

BOTH REQUIRELOG2NSTEPS

AVERAGEVECTORLENGTHS

RECURSIVEDOUBLING: N _ *K-1

CYCLICREDUCTION: N/2K

COMPLEXITY

RECURSIVEDOUBLING: EASYTO CODE,EASYTO

UNDERSTAND

CYCLICREDUCTION: DIFFICULTTO CODE,DIFFICULT

TO UNDERSTAND



A COMMONEXAMPLEOF A DIAGONALLYSTRUCTURALPIATRIX
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OPTIMALALGORITHMSFOR VECTORPROCESSORS

- OPTIMALALGORITHMSh’ILL USE

- COLUMNVECTOROPERATIONS
.-

- ROW VECTOROPERATIONS

- DIAGONALVECTOF?OPERATIONS

IN AN EFFICIENTMANNER

EG, WHEN VECTORS(1,E, DIAGONALS) BECOMETOO SHORT,

SWITCHTO ROW OR COLUMNVECTOROPERATIONSTO CREATE

ALGORITHM



Ct?AY-1
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VECTORADD, MATRIX-ROW
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EL, ROW OPS, MP.TRIX-COLUMN

SUB MATRIX
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>r

SCALARARITH”,OPS,

VECTOROPS,

NON-CONTIGUOUSVEC, OPS,

t

CRAY-1



EFFICIENTMATRIX-MULTIPLICATIONALGORITHMSBY NON-CONTIGUOUS

DIAGONALVECTORS(EVENLYINCREMENTED)WAS NOW POSSIBLE

“\

\

\

o NOW CAN HANDLE

\
\

\

‘ AN

1

K

K

K
/
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THEFOLDING,!LGORITHY
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USE VECTORREGISTERSAS TENPORARYSTORAGE
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KEY POINTSTO REMEMBER

o VECTORCOMPUTERtlPSGENERATEDA NEW MATHEMATICALTOOL

FOR THE NUMERICALANALYST

. .
0 MORE MATHEMATICALTHEORYNEEDSTO BE DEVELOPED

e COMPILERSCANNOTGENERATETHE OPTIMALALGORITHM

0 MANY NEW ALGORITHMSHAVEBEEN DEVELOPED



DIFFICULTTO CONVEYINFORMATIONTO NEIGHBORINGLEVELS

DIRECTION

DIRECTION

PROBLEM

DEFINITION

PROBLEM

DEFINITION



RECALL: THE SCIENTIFICCOMPUTATIONALPROCESS
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MAINDIFFICULTYIN NUMERICALALGORITHMDEVELOPMENT:

COMMUNICATIONPROBLEMS

RESEARCHAREAS

PHYSICSPROBLEM

PHYSICS

APPROXIMATION
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MODEL
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THE BASICGOAL OF THE EFFORTIN NUMERICALALGORITHMS:

MAKE THIS LINK IN COMPUTATIONALPROCESSAS STRONG

AS POSSIBLE

NUMERICALAPPROXIMATION

It

NUMERICAL ALGORITHM

IT

HIGH SPEED

COMPUTER

BY

1) RESEARCHIN NUMERICALALGORITHMS

2) PROBLEMDEFINITIONT@ HIGH SPEED COMPUTERARCHITECTS

3) FOCUS RESEARCHIN NUMERICALAPPROXIMATIONS

;-



OTHERACTIVITIES

NUMERICAL

ALGORITHMS

1 PROBLEM

DEFINITION

HIGH SPEED

COMPUTERS

o GENERATINGLARGESCALECOMPUTERCODESFOR RESEARCH

PURPOSESBY

- ACADEM1C

- INDUSTRY

- LABORATORY

o THESE CODESWILL CONTAINALGORITHMSGENERATEDFROM

RESEARCH



OTHERACTIVITIES

NUMERICAL PiPPROXIMATIONS

1 DIRECTIONS

NUMERICAL

ALGORITHMS

o NEW TIME-DIFFERENCINGTECHNIQUESHAVEBEEN DEVELOPED

o NEW RESULTSIN CONJUGATEGRADIENTMETHOD



CONCLUDINGREMARKS

e COMPUTERSDO INFLUENCETHE TYPE OF NUPIERICAL

ALGORITHMSTHAT ARE USED IN YOUR CALCULATION

o NUMERICALALGORITHMSP.RETHE BRIDGEBETMEEN

THE PHYSICAL WORLDAND THE COMPUTINGMACHINE

- DON’TTRY TO BY-PASSTHEM

e TALK TO YOUR FRIENDLYNUMERICALANALYST, THEY

CAN REALLYHELPYOU TO

1) BUILDA BETTERCOMPUTER

2) SOLVEYOUR PROBLEMON AN EXOTICCOMPUTER


